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On the search for a narrow penta-quark Z + baryon in NN interactions* 
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The possibility for an observation of a narrow penta-quark Z + baryon in AW reactions is discussed. It is shown 
that the pp~^nY> + K + reaction at excess energies around 100 MeV above threshold provides optimal conditions 
for Z + baryon detection by an analysis of the nK + invariant mass spectrum, if the Z + mass is located around 
1.5 GeV involving a rather narrow width. 



> 

oo 

o 

On 
O 
On 
On 



O 
=5 



X 



The standard valence quark model builds up 
the low-lying baryons from three valence quarks 
qqq with strangeness from 5=— 3 to 5=0, that are 
surrounded by a meson cloud or strong qq vacuum 
polarizations. However, also Fock states involving 
additional qq components are allowed which then 
can appear as baryonic resonances. The inverse 
life time of these excited states is proportional to 
the phase space for the decays allowed by quan- 
tum numbers. Interesting excitations are possible 
for a qqqqq configuration Q which allows to con- 
struct 5=+l states denoted by Z baryons. The 
observation of Z baryons thus provides an unam- 
biguous signal that the standard valence quark 
model has to be extended to a larger Fock space. 

An experimental search for Z baryons was 
started in 1966 at the BNL Q by the observa- 
tion of a clear resonance peak in the K + p and 
K + d total cross section at kaon momenta around 
0.9-^1.3 GeV/c. This novel baryonic resonance 
with strangeness 5=+l, mass Mz ~ 1-91 GeV 
and width Tz ~ 180 MeV was interpreted as a 
SU(3) antidecuplet together with the ^(1480). 

A review on the further experimental and the- 
oretical activities and an evidence for strangeness 
5=+l baryon resonances is given by the PDG in 
Rcf. |3]. Summarizing 20 years of experimental 
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activity on 5=+l baryons it is important to note 
that almost all searches were performed by KN 
elastic and inelastic scattering at kaon momenta 
corresponding to Z baryons in the mass range of 
1.74<Afz<2.16 GeV. Furthermore, the resonance 
total widths reported in Ref. [Q are very large 
and range from 70 MeV to 845 MeV. Further- 
more, an expectation for the heavy Z resonances 
is supported by the MIT bag model |J , where the 
lightest Z + baryon has a mass of 1.7 GeV and a 
smaller width. 

On the other hand, in the large N c limit of 
QCD baryons emerge as soliton configurations 
that have to be projected on proper quantum 
numbers. In this framework the exotic pen- 
taquark Z + is the lightest member of the an- 
tidecuplet of baryons and arises naturally as a 
rotational excitation of the classical soliton (cf. 
Refs. HJ). For the most recent analysis of the Z + 
baryon properties we refer the reader to Refs. 

The theoretical predictions for the Z + mass 
(and width) in the soliton models vary in a 
wide range. Whereas the calculations in the 
Skyrme model of Ref. |J predict a Z + mass of 
1.7 GeV, the analysis within the framework of 
the chiral quark-soliton model suggests a Z + 
mass around 1.5 GeV and quite narrow width 
r^<15 MeV due to specific contributions of soli- 
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ton rotation (see for details Ref. 0). The detailed 
analysis of the Z + width in the chiral quark soli- 
ton model indeed shows that the most favorable 
width should be about 5 MeV ||. I n this letter 
we will explore in particular if such a state might 
be detected in NN scattering. Furthermore, we 
point out that Ref. § predicts M z =1.58 GeV 
and a width r z =100±30 MeV. Thus the most 
recent calculations |?],|| suggest a low mass of the 
Z + baryon in a range that has not been investi- 
gated before experimentally . 

Here we study the possibility of Z + (1=0, 
S=+l, J p =j + ) observation in NN collisions, 
which can be performed at the COoler SY- 
chlotron (COSY) in Jiilich. Furthermore, we ex- 
plore the effects due to a narrow Z + resonance JtJ 
in the invariant mass spectra. 

Since the Z + resonance couples only to the NK 
system it can be excited in real or virtual K + n 
or K°p scattering. Unfortunately, there are no 
data (h]] available on the real K + n scattering for 
momenta px<600 GeV/c, which correspond to 
the mass range M z <1.58 GeV of our interest. 
On the other hand, data exist on the K L p^K s p 
reaction that can be analyzed in order to eval- 
uate the Z + baryon properties. 

A virtual Z + excitation might be tested 
in pp—>nYi + K + , pp—>pY< + K , pn—>nAK + and 
pn^pAK reactions through if-meson exchange. 
Furthermore, reactions with a neutron in the ini- 
tial state basically are performed with a deuteron 
target which might not be suitable for a measure- 
ment of the Z + signal in the NK invariant mass; 
if the Z + is a narrow resonance, then an averag- 
ing over the deuteron spectral function might sub- 
stantially distort the Z + signal. In principle this 
problem can be resolved by an additional mea- 
surement of the spectator nucleon of the deuteron 
and a full kinematical reconstruction of the final 
states. However, here we suggest to use the K + 
production channel, and also provide a motiva- 
tion for the advantages of the pp^nY, + K + reac- 
tion in searching the Z + baryon. 

The major uncertainty in calculations of the 
contribution from X-meson exchange to the 
pp— >nT, + K + reaction is due to the poor knowl- 
edge of the NT,K coupling constants. The 



analysis of the available data only provides 
3.5<<7at£.r-<6.4 |l2j] , where the upper limit stems 
from a dispersion analysis, which might be consid- 
ered as an almost model independent evaluation 
of the coupling constant from data. The SU(3) 
limit predicts 3.2<<7at£^:<4.6 [fj"3"f which, within a 
given uncertainty, is in reasonable agreement with 
the NTiK coupling extracted from the experimen- 
tal data in Ref. [^2) . In the following calculations 
we will use gNY.K =3.86 as given by SU(3) with a 
mixing determined from the semileptonic hyperon 
decay g|. 

Now, if the Z + baryon is a narrow state, 
its contribution to the total pp— m£ + K + cross 
section is proportional to the overlap between 
the Z + spectral function (taken in Breit-Wigner 
form) and the phase space available. The 
reaction phase space i?3 increases with in- 
variant collision energy *Js as i?3cce 2 , where 
e=^/s—m^—m^—mK- However, the Z + con- 
tribution saturates at energies slightly above 
e=Mz— m^— TO#-+3rz0, where Mz and Tz are 
the mass and the width of the Z + resonance, re- 
spectively. Thus for Mz=l-5 GeV the threshold 
for Z + production at its pole is e~66 MeV and the 
optimal ratio of the Z^ contribution to the total 
production cross section - due to other processes 
- is obtained at energies not far from threshold 
simply due to phase space arguments. 

Obviously, a difficulty in the observation of Z + 
production in the NN—>NYK reaction is due the 
dominance of other processes [[l4| since the contri- 
bution from the Z + occurs only in a small part of 
the available final phase space, which lies around 
the invariant mass of the NK system close to the 
Z + resonance mass. Thus it is important that the 
range of the NK invariant masses dominated by 
Z + production is not affected by the intermediate 
YK resonances and the NY final state interaction 
(FSI) , because they can modify substantially the 
final observables relatively to the pure isotropic 
phase-space distributions as known both experi- 
mentally jl5| and theoretically juj. 

The most dominant channel in the 
pp^nY> + K + reaction is given by the intermediate 
A ++ (1920) resonance. Our further motivations 
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can be easily illustrated by Fig. that shows the 
Dalitz plot for the pp— m£ + K + reaction at an 
excess energy e=100 MeV calculated according to 
Ref. |14f an d additionally taking into account the 
FSI [0,[l7| as we U as the Z + contribution. The 
Dalitz plot is shown as a function of the T, + K + 
and n£ invariant masses. 

Furthermore, the S + K + invariant mass distri- 
bution ranges from m^+rriK up to ms+mx+e, 
and is enhanced at large masses due to the 
A++(1920) resonance. Notice, that large E + if+ 
invariant masses correspond to small nY, + in- 
variant masses that are enhanced due to the 
FSI The size of the squares in Fig. [l] is 

proportional to the production cross section. 
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Figure 1. Dalitz plot for the pp^n£ + K + reac- 
tion at an excess energy e=100 MeV. The size of 
the squares are proportional to the reaction cross 
section. The solid line shows the trace of the Z + 
pole while the distribution along the line is due 
to the Z + -baryon. 

The solid line in Fig. |l| shows the trace of the 
Z + baryon pole with Mz=l-5 GeV while the dis- 
tribution along this line indicates the calculated 
contribution from the Z + — >nK + resonance as- 
suming a width r=5 MeV. Note that the Z + con- 
tribution to the nK + invariant mass spectrum 



at Mnk=Mz is obtained by integrating along 
the solid line in Fig. [l], and in principle can be 
well separated from the region dominated by the 
A ++ (1920) resonance and the FSI by applying 
appropriate cuts. The contribution from the Z + 
baryon then can be detected as an enhancement 
in the Dalitz plot along the expected Z + reso- 
nance pole. Indeed, as illustrated by Fig. |l|, such 
an enhancement should be detectable. 
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Figure 2. The invariant mass spectra for the 
nK + system produced in the pp—>nY< + K + reac- 
tion at excess energies e of 100 MeV and 200 MeV. 
The hatched histograms indicate the contribution 
from the zT + -baryon, the dashed histograms show 
the background while the solid histograms display 
the total spectra. 

Without performing any cuts we show the in- 
variant mass spectra of the nK + system produced 
in the pp— mE -1- K + reaction at e=100 MeV and 
200 MeV in Fig. ||. It is important to note that 
the total pp^>nT, + K + cross section calculated at 
e=100 MeV and 200 MeV amounts to 2 fib and 
12.7 fib, respectively, while the contribution from 
the Z + is around 80 nb and 120 nb, respectively. 
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As discussed above, the ratio of the Z + contribu- 
tion to the total pp— >nE + K + cross section sub- 
stantially decreases with increasing beam energy 
due to phase space. 

The hatched histograms in Fig. | show the Z+ 
contribution, the dashed histograms indicate the 
contribution from other processes, which in the 
following we discuss as background to Z + baryon 
production. The solid histograms show the total 
nK + invariant mass spectra. The contribution 
from the Z + baryon is well visible at e=100 MeV, 
while it becomes almost invisible at an excess 
energy of 200 MeV. Although the Z + contribu- 
tion to the total pp^nT, + K + cross section at 
e=100 MeV is very small, it can be detected in 
the nK + invariant mass spectrum in case it has a 
narrow width. It is important to note again, that 
lower masses of the Z + baryon can be detected 
more easily since the background is reduced in this 
case. Opposite considerations hold for higher Z + 
masses due to a larger width and background, re- 
spectively. 



baryon one can cut the regions dominated by the 
intermediate A ++ (1920) resonance and the FSI. 
In this respect we show in Fig. ||| the nK + invari- 
ant mass spectra at e=100 MeV and 200 MeV for 
the cuts, Mek<1-76 MeV and M NTl >2.lb MeV. 
Now the Z + contribution becomes more pro- 
nounced even at an excess energy of 200 MeV. 

In summary, the present study indicates the 
possibility for an observation of the penta-quark 
Z + baryon by the K + n invariant mass spectra, 
produced in the pp— >nY, + K + reaction at excess 
energies around 100 MeV. Our estimate suggests 
that within an experimental statistics of about 
200 events the Z + signal might be detected at 
e~100 MeV. We note that our estimate can be 
considered conservative, because a small NUK 



coupling constant, gNKT, — 3.86 |12|, is used in 
the calculations. On the other hand, we admit 
that our estimate is based on a narrow Z + baryon 
width. If the Z + resonance has a wider width 
or a higher mass, the data analysis of the Z 
signal will become more uncertain. 
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Figure 3. The same as in Fig. || but with cuts on 
the n£ + and Yj + K + invariant masses. 

In order to improve the signal from the Z + 
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